Acute necrotizing encephalopathy (ANE1): rare autosomal-dominant disorder presenting as acute transverse myelitis by Wolf, Katharina et al.
ORIGINAL COMMUNICATION
Acute necrotizing encephalopathy (ANE1): rare
autosomal-dominant disorder presenting as
acute transverse myelitis
Katharina Wolf • Thomas Schmitt-Mechelke •
Spyridon Kollias • Armin Curt
Received: 25 October 2012 / Revised: 3 December 2012 / Accepted: 24 December 2012 / Published online: 18 January 2013
 Springer-Verlag Berlin Heidelberg 2013
Abstract The term ‘‘acute transverse myelitis (ATM)’’
comprises various non-traumatic disorders that eventually
can be associated with a focal myelopathy. Patients char-
acteristically present with an acutely occurring paraparesis/
plegia and require a comprehensive and timely diagnostic
work up for the initiation of an appropriate treatment. We
present a case of a 36-year-old female patient with a rare
genetic disorder (ANE1: Acute Necrotizing Encephalopa-
thy due to a RANBP2 mutation) who presented with an
acute quadriplegia. Following an acute pulmonal infection,
she rapidly (\24 h) developed a severe quadriplegia (total
motor score 38) with some facial sensory symptoms (per-
ioral hypoesthesia). Magnetic resonance imaging (MRI)
revealed a combination of longitudinal extensive transverse
myelitis and symmetrical thalamic lesions. A work-up for
infectious and systemic diseases was negative; specifically,
no findings related to multiple sclerosis, neuromyelitis
optica or vascular disorders. After empirical high dose
steroid treatment and rehabilitation therapy, the patient
gained almost normal gait and upper limb function. She
was found to carry an autosomal-dominant missense
mutation in the RANBP2 gene predisposing for ANE.
Gene segregation was confirmed in other family members
that had been affected by other episodes of acute steroid-
responsive encephalopathies. We propose that a redefined
diagnostic workup of ATM might include ANE1, as the
frequency of this rare disorder might be underestimated.
Keywords Acute necrotizing encephalopathy  Spinal
cord injury  Transverse myelopathy  Transverse myelitis 
Acute disseminating encephalomyelitis
Introduction
Acute transverse myelitis (ATM) is a rare cause of non-
traumatic spinal cord injury (ntSCI) comprising a hetero-
geneous group of immune-mediated diseases. The typical
clinical presentation is a non-traumatic paraplegia with an
acute (frequently within hours) onset. The first documented
use of the term ‘‘acute transverse myelitis’’ was by Miller
and Ross in 1931, describing a case of acute quadriplegia
in a child following measles with complete regaining of
function on later follow-up [1]. Following this initial
report, several publications focused on the topic of trans-
verse myelitis—mainly in cases of acute post-vaccination
or parainfectious paraplegia. These publications predomi-
nantly derived from pediatric cases where ATM occurred
after viral diseases (like rubella or measles). The diagnostic
term ATM was clinically applied in a rather descriptive
manner, while in many cases the definite etiology remained
unclear.
Eventually, more refined etiological mechanisms of
ATM were introduced, based on increasing knowledge in
neuro-immunology and improvements in neuro-imaging
(i.e. magnetic resonance imaging [MRI]). These methods
are sensitive to distinguish different clinical entities (or
disorders), thus improving the diagnostic yield [2–6]. ATM
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was classified as a neurological syndrome based on
immuno-reactive pathomechanisms with a typically acute
or sub-acute onset. Today for diagnosing ATM, the proof
of a neuro-immunological pathomechanism is required by
either a positive cerebrospinal fluid (CSF) (pleozytosis or
positive immunoglobulin index), or by defined MRI sug-
gestive for central nervous system (CNS) inflammation
(MRI of the entire neuro-axis including gadolinium
administration) [5, 7, 8]. In contrast to ATM, the term
‘‘transverse myelopathy’’ is used rather broadly, referring
to non-traumatic spinal cord lesions in general [6, 8].
We present a clinical case of ATM showing longitudinal
extensive transverse myelitis, as well as thalamic involve-
ment, that was found to carry a genetic mutation that has been
recently reported to predispose to infection-triggered Acute
Necrotizing Encephalopathy (ANE1) [9]. Based on this rare
case of a genetically triggered ATM, we propose a refined
diagnostic algorithm including this hereditary disorder in
order to emphasize this potential pathomechanism in ATM.
This case report has been performed in accordance with the
ethical standards laid down in the Declaration of Helsinki; a
written informed consent of the patient was obtained.
Case report
Medical history
In January 1999, a 36-year-old woman was admitted with
an acute onset of an incomplete quadriplegia (American
Spinal Injury Association [ASIA] impairment scale C,
level C4) and a defined perioral hypoesthesia around the
mouth (dermatomes innervated by the long projecting tri-
geminal spinal roots).
The sensory-motor deficits occurred rapidly within 24 h,
3 days after the onset of unspecific infectious symptoms of
the upper respiratory tract with coughing and fever
(39.5 C). Prior to this episode, her health was unremark-
able and she had never suffered from any neurological or
other systemic disorder. Similar infectious symptoms had




Glasgow coma scale (GCS) was 15/15 points; other than a
mild perioral hypoesthesia, the cranial nerves were intact.
Tendon reflexes were abolished except for biceps reflexes,
which were symmetrically weak. Babinski sign was nega-
tive and muscle tone was hypotonic. Motor level was at C5,
sensory level at C4, both at left and right side
symmetrically. Severe paresis affected all muscles of the
lower and upper limbs, inducing a total loss of her walking
ability and a severely impaired upper limb function (total
ASIA motor score 38/100). Below the level of lesion at C4,
aesthesia and algesia were incompletely impaired. There
was hypoesthesia and hypalgesia in the sacral dermatomes,
bulbocavernosus reflex was negative and there was no
voluntary sphincter contraction, or voluntary urinary
voiding. Respiratory and cardiac functions were unre-
markable, skin showed no noticeable alterations.
Laboratory workup
The initial cerebrospinal fluid (CSF) analysis showed a nor-
mal cell count (0.3/ll, leukocytes), but increased protein
levels (0.79 g/l). Oligoclonal bands (OCB) were negative and
a blood-CSF barrier disturbance was found (albumin quotient
19.7, IgG quotient 0.44) without intrathecal synthesis of
immunoglobulins. A second CSF analysis revealed a pleo-
cytosis of 19 cells per ll consisting mostly of monocytes,
while blood-CSF-barrier was still impaired.
Blood exams showed normal cell counts, erythrocytes
sedimentation rate of 3 mm/h, normal C-reactive protein
and no liver or renal dysfunction. The screening for
immunological disorders was negative (RF, ANA, ANCA,
anti-ds-DNA, SSA/SSB). Vitamin B12 was at normal level.
No specific viral or bacterial infection was found in the
blood or the CSF (cytomegalovirus, adenoviruses, Epstein-
Barr virus, varicella zoster virus, herpes simplex virus
I ? II, coxsackie virus, HIV, treponema pallidum, borre-
liosis, leptospirosis, mycobacteria, aspergillum, brucello-
sis, chlamydia, bartonellosis, campylobacter, salmonella,
legionella). The pulmonal or bronchial infection causing
the initial fever could not be specified.
NMO-(aquaporine-4)-antibodies were not for routine
diagnostics at that time (1999), and therefore were not
investigated initially. However, at follow-up analysis,
NMO-antibodies in 2012 were negative.
Neuroimaging
The MRI of the spine showed an extensive myelopathy
ranging from C2-Th1 and a second myelopathic area at the
conus medullaris that were suggestive for an extensive
inflammation (see Fig. 1). Brain MRI revealed several
symmetrical lesions of the anterior thalamus, within the
pons and the medulla oblongata (see Fig. 2). There were no
findings suggestive for vascular or tumor disorders.
Electrophysiology
Electrophysiology showed initially severe axonal lesions in
the upper limb nerves with normal nerve conduction
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Fig. 1 MRI 2 days after onset
of symptoms: extensive lesion
of the cervical spine and the
conus medullaris
Fig. 2 MRI 2 days after onset of symptoms: lesion in the thalamus, pons and medulla oblongata
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velocity and loss of F-waves. Nerve conduction studies of
the tibial nerves showed normal amplitudes, conduction
velocities and F-wave latencies. The results were atypical
for Guillain–Barre Syndrome (GBS), but indicated a severe
axonal loss due to the intramedullar lesion of the anterior
horn cells in the cervical spine. Measurements after
4 weeks showed a reduction of amplitudes (40 %) in the
tibial nerves and prolongation of F-wave latencies (60 ms).
At 5 months, amplitudes of the upper limb nerves recov-
ered slightly (max 2.6 mV), whereas amplitudes of the
lower limb nerves remained normal (9 mV/17 mV).
F-wave latencies recovered to slight impaired values in the
upper limbs (28–30 ms ulnar nerves, 30–35 ms median
nerves) and to normal values in the lower limbs (54–55 ms
tibial nerves).
Treatment and course
Steroid therapy (Dexamethasone orally 4 9 4 mg/day for
8 days and consecutive reduction) was empirically initiated.
Within 1 month, the signal-alterations on the MRI of the
central nervous system were reduced—small lasting altera-
tions were found in the thalamus, the cervical spine and in
the conus medullaris—matching the clinical improvements.
In the following, the patient regained sensibility and
reflexes, motor deficits improved slowly and she regained
walking-ability with crutches and independency from assis-
tance within 5 months. Bladder and bowel deficiency restored
to a fully normal function. After discharge, she improved
further to an almost normal gait (no walking aids required,
walking distance unlimited but slightly reduced speed). Fol-
low-up MRI showed persistent minor myelopathy in the
cervical spinal cord and symmetric residual T2-hyperintense
lesions in the thalamus (see Fig. 3). No new T2-hyperintense
lesions occurred. Since 1999, the patient did not experience
any additional episode of an acute CNS impairment.
Family history
The patient presented above is born in Switzerland as one
of seven children (see pedigree, Fig. 4). Her mother derives
from a large family with a total of eleven siblings. One of
her aunts died at young age from an unknown cause. The
patient’s second cousin who was born in 2000 suffered
from recurrent episodes of ANE, and was as an index
patient tested and found positive for a missense mutation
on the RANBP2 gene on chromosome 2q12.1–2q13 in
2007 [9]. The father of this child, the patient’s first cousin,
was tested positive for the mutation as well, without any
prior or later history of infection-triggered encephalopathy.
Another first cousin born in 1958 is reported to have suf-
fered from acute cerebral disorder (non-traumatic coma in
childhood) with consecutive residual mental retardation.
This cousin’s caretaker refused the genetic testing.
The present patient was found to carry the missense
mutation associated with ANE1 as well [9].
Discussion
The understanding of ATM has continuously improved
over the last decades, and comprises various mainly
immune-mediated myelopathies. Accordingly, definitions
and diagnostic criteria will have to be adjusted as further
insights in pathology and course of disorders are revealed.
Acute transverse myelitis: definitions and epidemiology
ATM is clinically recognized by an acute to subacute
development of a paraparesis or paraplegia with a maxi-
mum of deficits within 4 h up to 21 days [6]. While signs
of CNS or systemic inflammation (CSF pleocytosis, IgG-
elevation, MRI gadolinium enhancement) [5, 6, 8, 10] are
Fig. 3 MRI 2012: residual lesions in thalamus (arrows) and cervical spinal cord
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key findings, other causes (e.g. vascular disorders, tumors,
degeneration) need to be excluded. Severity of symptoms,
extent of inflammation, time and slope of symptoms may
hint towards the etiology or potential differential-diagnosis
[5, 8, 11]. After repeated exclusion of up-to-date known
causes for ATM, idiopathic ATM might be diagnosed
according to the Transverse Myelitis Consortium Group
(TMCG). [5].
Due to continuous changes in criteria and definition of
ATM, epidemiological studies are hardly comparable. An
early study targeting the incidence of ATM in adults was
done from 1955 to 1975 in Israel by Berman et al. [3],
stating an annual incidence of 1.34 per million per year.
Estimates in other studies even range to 31 per million per
year, depending on definition and inclusion criteria (e.g.
ATM in MS/NMO/systemic diseases (SD), definition by
ICD10) [4, 12, 13]. Although ATM can manifest at any
age, three peaks are described at the age of 0–5, 10–19 and
30–39 years [3, 4, 14, 15].
The differential diagnosis in ATM
The challenge in the diagnosis of ATM lies in a compre-
hensive and timely diagnostic workup (Fig. 5) for as in the
majority of disorders, advising appropriate treatments and
early interventions are assumed to be important for
improved outcomes.
Neuro-immunological disorders (i.e. multiple sclerosis
[MS], neuromyelitis optica [NMO]) represent the most
frequent cause of ATM, as has been shown in a large
multicentre ATM-cohort study (seven centers, spinal cord
infarct excluded; n = 234: MS 13.3 % and NMO 20.9 %
resp.) [16]. The McDonald criteria define four areas within
the CNS that are most commonly affected by MS: peri-
ventricular, infratentorial and juxtacortical region and the
spinal cord [17]. In general, ATM as a symptom of clini-
cally definite MS occurs rather rare (in about 0–11 % of
adult MS patients [18]). The conversion rate of isolated
complete ATM into clinically definite MS is estimated at
less than 2 % per 5 years [19]. Risk factors for the later
development of MS are the extent of inflammation (rather
partial), positive OCB or abnormal brain MRI (if not yet
fulfilling MS criteria) [11, 20, 21]. Partial ATM is, in
contrast to complete ATM, much more likely to be a
symptom of MS [22]: the conversion rate into clinical
definite MS ranges between 20–30 % over 5 years [19],
while Cordonnier et al. [21] even stated a conversion rate
of 57.7 %. NMO (also called Devic syndrome), rather
recently, is considered a separate entity from MS. NMO is
defined by the combination of longitudinal extensive
transverse myelitis (LETM) and optical neuritis [23]. Since
aquaporin-4-Ab were found to be associated with this
disease, the distinction from MS is now widely accepted.
OCB are typically not found and the myelitis is required to
involve the height of three vertebral segments. Patients
with isolated LETM are at high risk to develop NMO or
relapsing LETM if NMO-Ab are positive [24, 25].
Systemic immunologically mediated diseases have
been shown to be the second largest subgroup of dis-
eases causing ATM (25.1 %, n = 234) [16]. Sjo¨gren’s
syndrome was most often diagnosed (28 cases, 12 %)
followed by sarcoidosis (17 cases, 7.2 %) followed by
Fig. 4 Pedigree
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SLE/antiphospholipide syndrome (14 cases, 6 %) [16]. In a
Japanese or Turkish descent, Behc¸et’s disease might also
cause ATM [26]. Sjo¨gren’s syndrome, sarcoidosis, SLE
and Behc¸et’s disease need to be screened for by serologic
markers (Anti-SSA/B, ACE, ANA ? ds-DNA/anti-phos-
pholipide-Ab, HLA-B51, respectively) complementing
imaging and clinical history. Several clinical symptoms
might hint to the diagnoses (e.g. sicca-syndrom, uveitis,
other organ involvement (kidney, heart, lungs), mucosal
ulcers, respectively) [8, 27]. Funicular myelosis or copper-
deficiency related myelopathies usually present chroni-
cally, MRI reveals typically longitudinal lesions of the
dorsal column, and CSF analysis might show signs of
blood–brain-barrier breakdown [28, 29].
Infectious and parainfectious disorders together are
reported to cause ATM in 21.4 % of cases [16]. Viral CNS
infections commonly present as acute meningoencephalitis,
and if the spinal cord is involved, a partial transverse
myelitis is more likely [30]. True ATM caused by viral
infections that are actually identified by CSF analysis are
rarely reported (Coxsackie A/B Virus, Enterovirus, hepa-
titis A/C virus, varicella zoster virus, Epstein-Barr virus
and cytomegalovirus [30–35]). Reports of ATM associated
with other viral diseases (influenza, measles, rubella, polio,
adenovirus) are rather heterogenic, and might be classified
as parainfectious ATM [18, 36]. Bacterial or mycobacterial
ATM are also rarely reported: mycoplasma pneumonia
(37 cases), schistosomiasis (one case) [36], brucellosis
Fig. 5 Proposed diagnostic
scheme. ATM acute transverse
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infections (20 cases) [37, 38], two cases of chlamydia
psittaci [39] and four cases of documented Lyme neurob-
orelliosis [40]. Although neurosyphilis presents mainly as
chronic myelopathy, there are two reported cases of ATM
[41]. Comparably tuberculosis shows a rather chronic
progression, but in rare cases neurological presentation can
manifest as ATM (three cases) [42]. A larger percentage of
ATM is assumed to be parainfectious and it is defined by a
prior history of a mostly viral infection. Vaccine-associated
ATM contributes to this subgroup although post-vaccina-
tion ATM is rare [18].
Idiopathic ATM is considered a diagnosis by exclusion
and exact definitions remain unclear. The TMCG was the
first to assess specific criteria and an exclusion of prior
infections or vaccinations is not uniformly required [5].
Accordingly, a recent retrospective analysis in children
applying the TMCG criteria did not differentiate parain-
fectious from idiopathic ATM [43], while De Seze et al.
and Borchert et al. excluded parainfectious ATM [16, 18].
An Intergroup correlation addressing a group difference
between idiopathic and parainfectious ATM is not pub-
lished. The outcome of idiopathic ATM according to
TMCG criteria was retrospectively investigated by de Seze
et al. [16]: The subgroup of idiopathic ATM was shown to
be heterogeneous in terms of clinical presentations, extent
of spinal lesion and outcome, and criteria for outcome
prediction could not be identified.
A comparable parainfectious pathophysiological mech-
anism is considered in acute disseminated encephalomy-
elitis (ADEM), as mentioned by Al Deeb et al. in 1997
[44]. The diagnosis of ADEM calls for a monophasic
inflammatory demyelinating disease that can, but does not
need to, be associated with acute viral infection or vacci-
nation [45]. Typical clinical presentation is acute, multi-
focal and poly-symptomatic (meningomyeloencephalitis),
and CNS involvement can include inflammation of the
spinal cord [45]. Neuroimaging reveals non-MS typical
lesions (e.g. deep grey matter involvement, sparing of
periventricular white matter), but a reliable distinction to
MS and NMO can be difficult [46].
Intramedullary tumors should be excluded by spinal
MRI, although in some cases associated edema and gado-
linium enhancements might be challenging [47]. Paraneo-
plastic disorders might cause subacute myelopathy, e.g. the
small cell lung carcinoma and related autoimmunities [48]
or neurochemical toxicity [47].
Transverse myelitis and ANE1
The acute necrotizing encephalopathy (ANE) is an acute
and severe parainfectious CNS disease rarely diagnosed in
adult neurology. It is known as a disease of childhood, first
described in 1965 [49] and later on reported in mostly
Japanese children in the 90s [50]. By now, it is known that
this form of acute encephalopathy in children occurs
worldwide [51, 52]. Since 2000, few cases on ANE in
adults have been reported [53–57].
ANE is defined by a rapid progressive encephalopathy
after a common viral infection as influenza or parainfluenza
[50]. The criteria of ANE require exclusion of direct viral
or bacterial infection of the CNS [58]. The MRI shows
multiple lesions of the CNS: typically symmetrical lesions
of the thalami, pons and brain stem [59]. Elevated liver
enzymes contribute to the diagnosis [59]. The pathophys-
iological mechanisms are not known. It is supposed that the
encephalopathy and the neuronal damage and necrosis is
mediated by the specific effect of an excessive cytokine
release in the CSF [60]. Some patients with ANE showed a
dramatic response to early high–dose steroids [61].
While ANE usually occurs sporadically, few cases of
recurrent and/or familial episodes suggesting an inherited
disposition have been reported [62]. In 2009, a genetic
disorder with incomplete autosomal-dominant trait was
reported: a missense mutation in the gene coding for
the nuclear pore Ran Binding Protein 2 (RANBP2,
OMIM*601181) on chromosome 2q was found to transmit
a predisposition for familial ANE (=ANE1) in European,
Asian and African families [9, 63]. Among the familial
cases, the formation of CNS lesions was found to be more
disseminated than originally described for ANE, including
spinal cord lesions. In addition, not only children but also
adolescents and one adult (described herein) were observed
to be affected [9]. No patient with ANE1 showed elevated
liver enzymes, in contrast to ANE. Importantly, the mis-
sense mutation leading to ANE1 was shown to be distin-
guished from MS, since there was no such mutation found
within a representative collective of MS-patients [9].
ANE1, according to Neilson et al. and Bergamino et al.,
should be considered if criteria for ANE and any of the
following are met: (I) familial history of neurological
symptoms, might be parainfectious, (II) recurrent enceph-
alopathy following fever, (III) additional MRI changes in
one of the following: medial temporal lobes, insular cor-
tices, claustrum, external capsule, amygdale, hippocampi,
mammillary bodies, and spinal cord [64].
The missense mutation in the RANBP2-gene and its
actual function within the pathological mechanisms of
ANE1 are not yet entirely understood. It transmits an
increased vulnerability for developing an episode of ANE1
triggered by a variety of mostly viral infections [9]. Many
different molecular possibilities are discussed [9], but one
trait that is already known for other diseases offers a plau-
sible explanation: The protein is known to play a role in the
energy metabolism of neuronal cells [65, 66]. Hence, one
theory is that a malfunction of the RANBP2 nuclear pore
leads to an energy breakdown when the cell mechanisms are
J Neurol (2013) 260:1545–1553 1551
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challenged by an acute infection [9]. Similar mechanisms
are already assumed for other infection mediated encepha-
lopathy-syndromes such as Reye’s (like) syndrome (Mito-
chondriopathy caused by different enzymatic deficiencies
[67]), Wernicke Encephalopathy (hypovitaminosis induc-
ing lack of glucose catabolism and deficit in mitochondrial
metabolism [68]) or—genetically determined—Leigh
Syndrome (mitochondrial disease [69]).
Summary and conclusion
Our patient represents a very rare case of an ANE1-asso-
ciated ATM that presented with an acute quadriplegia. The
patient met the criteria for ANE1 with typical radiological
features, positive family history and a proven missense
mutation in the RANBP2-gene. The sudden onset after an
infection (3 days) and symmetrical T2-hyperintense cere-
bral (thalamus and pons) lesions are typical findings in
ANE1, although involvement of the spinal cord has been
reported in only three cases [9]. The favorable outcome
might be due to the steroid treatment, as steroid respon-
siveness is known for ANE [64]. This case emphasizes the
diagnostic challenges in ATM, and a diagnostic algorithm
is proposed to guide a timely and comprehensive work up
for introducing appropriate treatments (Fig. 5).
Acknowledgments We thank the patient for her agreement into
publishing her data and for her great support, especially in the
establishment of her pedigree. The study was funded by the Swiss
National Science Foundation and by the Clinical Research Priority
Program Neuro-Rehab of the University of Zurich, Switzerland.
Conflicts of interest The authors declare no conflict of interest.
References
1. Miller FG, Ross AG (1931) Acute transverse myelitis compli-
cating measles. Can Med Assoc J 25(6):709–710
2. Ropper AH, Poskanzer DC (1978) The prognosis of acute and
subacute transverse myelopathy based on early signs and symp-
toms. Ann Neurol 4(1):51–59
3. Berman M, Feldman S, Alter S et al (1981) Acute transverse
myelitis: incidence and etiologic considerations. Neurology
31:966–971
4. Jeffery DR, Mandler RN, Davis LE (1993) Transverse myelitis.
Retrospective analysis of 33 cases, with differentiation of cases
associated with multiple sclerosis and parainfectious events. Arch
Neurol 50:532–535
5. Transverse Myelitis Consortium Group (2002) Proposed diag-
nostic criteria and nosology of acute transverse myelitis. Neu-
rology 59:499–505
6. de Seze J, Stojkovic T, Breteau G et al (2001) Acute myelopa-
thies: clinical, laboratory and outcome profiles in 79 cases. Brain
124:1509–1521
7. Frohman EM, Wingerchuk DM (2010) Transverse myelitis.
N Engl J Med 363:564–572
8. Schmalstieg WF, Weinshenker BG (2010) Approach to acute or
subacute myelopathy. Neurology 75:2–8
9. Neilson DE, Adams MD, Orr C et al (2009) Infection-triggered
familial or recurrent cases of Acute Necrotizing Encephalopathy
caused by mutations in a component of the nuclear pore, RAN-
BP2. Am J Hum Genet 84:44–51
10. Krishnan C, Kaplin AI, Deshpande DM et al (2004) Transverse
myelitis: pathogenesis, diagnosis and treatment. Front Biosci
9:1483–1499
11. Scott TF, Kassab SL, Singh S (2005) Acute partial transverse
myelitis with normal cerebral magnetic resonance imaging:
transition rate to clinically definite multiple sclerosis. Mult Scler
11:373–377
12. Young J, Quinn S, Hurrel M et al (2009) Clinically isolated acute
transverse myelitis: prognostic features and incidence. Mult Scler
15:1295–1302
13. Klein NP, Ray P, Carpenter D et al (2010) Rates of autoimmune
diseases in Kaiser Permanent for use in vaccine adverse event
safety studies. Vaccine 28:1062–1068
14. Pidcock FS, Krishnan C, Crawford TO et al (2007) Acute
transverse myelitis in childhood: center-based analysis of 47
cases. Neurology 68:1474–1480
15. Banwel B, Kennedy J, Sadovnick D et al (2009) Incidence of
acquired demyelination of the CNS in Canadian children. Neu-
rology 72:232–239
16. de Seze J, Lanctin C, Lebrun C et al (2005) Ideopathic acute
transverse myelitis: application of the recent diagnostic criteria.
Neurology 65:1950–1953
17. Polman CH, Reingold SC, Banwell B et al (2011) Diagnostic
Criteria for multiple sclerosis: 2010 Revision of the McDonald
criteria. Ann Neurol 69:292–302
18. Borchers AT, Gershwin ME (2012) Transverse myelitis. Au-
toimmun Rev 11:231–248
19. Scott TF (2007) Nosology of ideopathic transverse myelitis
syndromes. Acta Neurol Scand 115:371–376
20. Sellner J, Luthi N, Buhler R et al (2008) Acute partial transverse
myelitis: risk factors for conversion to multiple sclerosis. Eur J
Neurol 15:398–405
21. Cordonnier C, de Seze J, Breteau G et al (2003) Prospective study
of patients presenting with acute partial transverse myelopathy.
J Neurol 250:1442–1452
22. Ford B, Tampieri D, Francis G (1992) Long-term follow-up of
acute partial transverse myelopathy. Neurology 42:250–252
23. Wingerchuk DM, Lennon VA, Pittock SJ et al (2006) Revised
diagnostic criteria for neuromyelitis optica. Neurology 66(10):
1485–1489
24. Weinshenker BG, Wingerchuk DM, Vukusic S et al (2006)
Neuromyelitis optica IgG predicts relaps after longitudinally
extensive transverse myelitis. Ann Neurol 59(3):566–569
25. Martiello M, Lennon VA, Jacob A et al (2008) NMO-IgG pre-
dicts the outcome of recurrent optic neuritis. Neurology 70(23):
2194–2200
26. Coulter I, Huda S, Baborie A et al (2012) Longitudinally
extensive transverse myelitis as the sole presentation of neuro-
Behcet’s disease responding to infliximab. J Spinal Cord Med
35(2):122–124
27. Eckstein C, Saidha S, Levy M (2012) A differential diagnosis of
central nervous system demyelinisation: beyond multiple scle-
rosis. J Neurol 259:801–816
28. Haan J, Haupts M, Uhlenbrock D (1987) Magnetic resonance
imaging (MRI), cranial computerized tomography (CCT), evoked
potentials and cerebrospinal fluid (CSF) analysis in five patients
with funicular myelosis. Neurosurg Rev 10(3):209–2011
29. Habek M, Adamec I, Pavlisa G et al (2012) Diagnostic approach
of patients with longitudinally extensive transverse myelitis. Acta
Neurol Belg 112(1):39–43
1552 J Neurol (2013) 260:1545–1553
123
30. Kincaid O, Lipton HL (2006) Viral myelitis: an update. Curr
Neurol Neurosci Rep 6(6):469–474
31. Rigamonti A, Usai S, Ciusani E et al (2005) Atypical transverse
myelitis due to cytomegalovirus in a immunocompetent patient.
Neurol Sci 26:351–354
32. Tyler KL, Gross RA, Cascino GD (1986) Unusual viral causes of
transverse myelitis: hepatitis A virus and cytomegalovirus.
Neurology 36:855–858
33. Yylmaz S, Koseolu HK, Yucel E (2007) Transverse myelitis
caused by varicella zoster: case reports. Braz Infect Dis
11:179–181
34. Karunarathne S, Govindapala D, Udayakumara Y et al (2012)
Cytomegalovirus associated transverse myelitis in an immuno-
competent host with DNA detection in cerebrospinal fluid: a case
report. BMC Res Notes 5(1):364 [Epub ahead of print]
35. Sanefuji M, Ohga S, Kira R et al (2008) Epstein-Barr virus-
associated meningoencephalolmyelitis: intrathecal reactivation of
the virus in an immunocompetent child. J Child Neurol
23(9):1072–1077
36. Bhat A, Naguwa S, Cheema G et al (2010) The epidemiology of
transverse myelitis. Autoimmun Rev 9(5):A395–A399
37. Krishnan C, Kaplin AI, Graber JS et al (2005) Recurrent trans-
verse myelitis following neurobrucellosis: immunologic features
and beneficial response to immunosuppression. J Neurovirol
11(2):225–231
38. Shakir RA, Al-Din AS, Araj GF et al (1987) Clinical categories
of neurobrucellosis. A report of 19 cases. Brain 110(1):213–223
39. Crook T, Bannister B (1996) Acute transverse myelitis associated
with Chlamydia psittaci infection. J Infect 32(2):151–152
40. Bigi S, Aebi C, Nauer C et al (2010) Acute transverse myelitis in
Lyme neuroborreliosis. Infection 38:413–416
41. Kayal AK, Goswami M, Das M et al (2011) Clinical spectrum of
neurosyphilis in North East India. Neurol India 59(3):344–350
42. Garg RK, Sharma R, Kar AM, Kushawa RA et al (2010) Neu-
rological complications of miliary tuberculosis. Clin Neurol
Neurosurg 112(3):188–192
43. Alper G, Petropoulou P, Fitz CR et al (2011) Ideopathic acute
transverse myelitis in children: an analysis and discussion of MRI
findings. Mult Scler 17(1):74–80
44. Al Deeb SM, Yaqub BA, Bruyn GW et al (1997) Acute trans-
verse myelitis—a localized form of post-infectious encephalo-
myelitis. Brain 120:1115–1122
45. Young NP, Weinshenker BG, Lucchinetti CF (2008) Acute
disseminated encephalomyelitis: current understanding and con-
troversies. Semin Neurol 28(1):84–94
46. Miller DH, Weinshenker BG, Filippi M et al (2008) Differential
diagnosis of suspected multiple sclerosis: a consensus approach.
Mult Scler 14(9):1157–1174
47. Jacob A, Weinshenker BG (2008) An approach to the diagnosis
of acute transverse myelitis. Semin Neurol 28(1):105–120
48. Keegan M, Pittock S, Lennon V (2008) Autoimmune myelopathy
associated with collapsin response-mediator protein-5 immuno-
globulin G. Ann Neurol 63(4):531–534
49. Eiben RM, Dooley JP, Stowes SM et al (1965) Subacute necro-
tizing encephalopathy in infancy. Neurology 15:293 (Abstract)
50. Mizuguchi M (1997) Acute necrotizing encephalopathy of
childhood: a novel form of acute encephalopathy prevalent in
Japan and Taiwan. Brain Dev 19:81–92
51. Mastroyianni SD, Gionnis D, Voudris K et al (2006) Acute
necrotizing encephylopathy of childhood in non-Asian patients:
report of three cases and literature review. Child Neurol
21:872–879
52. Campistol J, Gassio R, Pineda M et al (1998) Acute necrotizing
encephalopathy of childhood (infantile bilateral thalamic necro-
sis): two non-Japanese cases. Dev Med Child Neurol 40:771–774
53. Saji N, Yamamoto N, Yoda J et al (2006) Adult case of acute
encephalopathy associated with bilateral thalamic lesions and
peripheral neuropathy. No To Shinkei 58:1009–1014 (article in
Japanese)
54. Miyata E (2002) An adult case of acute necrotizing encepha-
lopathy. No To Shinkei 54:354–355 (article in Japanese)
55. Nakamura Y, Miura K, Yamada I et al (2000) A novel adult case
of acute necrotizing encephalopathy of childhood with bilateral
symmetric thalamic lesions. Rinsho Shinkeigaku 40:827–831
(article in Japanese)
56. Fasano A, Natoli GF, Cianfoni A et al (2007) Acute necrotizing
encephalopathy. A relapsing case in an European adult. J Neuro
Neurosurg Psychiatry 79(2):227–228
57. Kato H, Hasegawa H, Iijima M et al (2007) Brain magnetic
resonance imaging of an adult case of acute necrotizing
encephalopathy. J Neurol 254:1135–1137
58. Mizuguchi M, Yamanouchi H, Ichiyama T et al (2007) Acute
encephalopathy associated with influenza and other viral infec-
tions. Acta Neurol Scand 115:45–56
59. Mizoguchi M, Hayashi M, Nakano I et al (2002) Concentric
structure of thalamic lesions in acute necrotizing encephalopathy.
Neuroradiology 44:489–493
60. Kansagra SM, Gallentine WB (2011) Cytokine storm of acute
necrotizing encephalopathy. Ped Neurol 45(6):400–402
61. Okumura A, Mizoguchi M, Kidokoro H et al (2009) Outcome of
acute necrotizing encephalopathy in relation to treatment with
corticosteroids and gammaglobulin. Brain Dev 31(3):221–227
62. Neilson DE, Eiben RM, Winiewski S et al (2003) Autosomal
dominant acute necrotizing encephalopathy. Neurology
61:226–230
63. Neilson DE, Feiler HS, Wilhelmsen KC et al (2004) Autosomal
dominant acute necrotizing encephalopathy maps to 2q12.1-2q.
Ann Neurol 55:291–294
64. Bergamino L, Capra V, Biancheri R et al (2012) Immunomod-
ulatory therapy in recurrent acute necrotizing encephalopathy
ANE1: is it useful? Brain Dev 35(5):384–391
65. Cho KI, Cai Y, Yi H et al (2007) Association of the kinesin-
binding domain of RanBP2 to KIF5B and KIF5C determines
mitochondria localization and funktion. Traffic 8:1722–1735
66. Aslanukov A, Bhowmick R, Guruju M et al (2006) RanBP2
modulates Cox11 and hexokinase I activities and haploinsuffi-
ciency of RanBP2 causes deficites in glucose metabolism. PLoS
Genet 2(10):e177
67. Belay ED, Bresee JS, Holman RC et al (1999) Reye’s Syndrom in
the United States from 1981 trough 1997. N Eng J Med
340(18):1377–1382
68. Neri M, Cantatore S, Pomara I et al (2011) Immunohistochemi-
chal expression of proinflammatory cytokines Il-1beta, Il-6, TNF-
alpha and involvement of COX-2, quantitatively confirmed by
Western blot analysis. Wernicke’s encephalopathy. Pathol Res
Pract 207(10):652–658
69. Brown GK, Squier MV (1996) Neuropathology and pathogenesis
of mitochondrial diseases. J Inher Metab Dis 19(4):553–572
J Neurol (2013) 260:1545–1553 1553
123
